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The present invention relates to a process for ainpHf>nng and detecting at 
leaist c.v: specific nucleic add sequence in a sample containing a nucleic acid or 
a mixture of nucleic adds at least one of which is suspected of containing said 
quence, which process comprises: 

a) ampUfying the nucleic add sequence to be detected by means of a chain 
extension reaction utilizing a first oligonucleotide primer ot the general 
formula 

■X-Pc-L-Pp 0) 

wherein Pp is an oligonucleotide sequence substantially comple- 
mentary to a part of one strand of the nudcic add sequence to be 
rotected, Pc is an oligonudeotide sequence substantially compie- 
o^rtary to the frequence Pp, L is a non-nudeotidylic linker group 
: e lected so ?.s to allow effident backfolding between the sequence Pc 
^and-thc primer-extension sequence of-Pp-and-to-avoid-amplification 
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of the backfolding part Pc, and X is an energy donor or acceptor, 
and -a second oligonudeotide primer substantially complementary to a part of 
the other strand of the nuddc add sequence to be detected; 

b) separating after the last amplification cyde the primer extension products 
from their complementary sequences to produce single-stranded molecules; 

c) treating said single-stranded molecules containing the primer of formula I 
above with an oligonudeotide probe of the general formula 

Y.Pr (ID 

wherein Y is an energy acceptor, when X in the primer of formula I 
is an energy donor, or an energy donor, when X in the primer of 

iS formula I is an enprjry acceptor, and Pr is an oligonudeotide 

sequence cornplomontary to a part of the amplified single-stranded 
molecules con^nining the primer of formula I above and sclccicd so 
as to guarantee a short distance between X and Y after backfolding of 
the sequence Pc and hybridization of the sequence Pr to said singlc- 

30 stranded molco;lcs such lhal an energy transfer can lake place, 

u-dt r ccndilions allcv/ing hybridization of the sequences Pc by backfolding 
. . of Pr to saiJi sir.g!c-?trandcd molecules; and 
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d) determining whether an energy transfer takes place. 

The present invention also relates to a primer of the general formula 

X-Pc-L-Pp (I) 

\iierein Pp is an oligo.vjcleotide sequence substantially complo- 
i-^ntary to a part of one strand of the nucleic add sequence to be 
■==^^^Tt3^^ted, ^ is an oligonucleotide sequence substantially comple- 
mentary :o (he sequence Pp, L is a non-nucleotidylic linker group 
selected so as to allow efficient backfolding between the sequence Pc 
and the prirner extension sequence of Pp obtained by amplification 
by means of a polymerase chain reaction and to avoid amplification 
of the backfolding part Pc, and X is an energy donor or acceptor. 

Furthermore, the invention relates to a diagnostic kit for amplifying and 
detecting at Ic-^t one specific nucleic add sequence in a sample containing a 
iiudeic add or a mixture of nudeic adds at least one of which is suspected of 
rontainlrg said sequence, which kit comprises a first container containing a 
primer of Tonr^ula I as defined above and a second container containin g a 
pr;^be of formula n as defind above and mears and reagents for amplification 
by means of a polpnerase chain reaction and for detection. 

The polymerase chain reaction (PGR) is a very powerful method for the 
spedfic ai-nplification of DMA or RNA stretches. The methodology is described 
in Eiu-opcan Patent Applications, Pub. Nos. 201.184, 200362 and 258.017. One 
.^PpUcation of this technology is in DNA probe technology to bring up DNA 
pre5cr.i in iow copy numbers to a detectable level. Numerous diagnostic and 
sdentific applications of this method have been described by H.A. Erlich (Ed.) 
in PGR Technology-Prindples and Applications for DNA Amplification, 
Stockton Press, USA, 1989 and by M.A. Inis (Ed.) in PGR Protocols, Academic 
Press, San Diego, USA, 1990. 

A desirable goal would be the direct detection of the amplified DNA 
without iimo-coTi?uming separation? or t-ansfer steps by a so-called homo- 
geneous assay format. At the samo lime the aim is also to replace radioactive 
labels stili mainly utilized in DNA diagnostics by nonradioactive reporter 
systems thereby extending the applications of this technology. Such a homo- 
g:r>cou5 del -X' ion system applying intercalating chcmiluminesccnt acridinium 
esters h.-'.s bcc-w reported by Arnold et al. in Clinical Chemistry 35, 15S8 (1989). 
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Further . ari.irions of the homogeneous DNA detection assays are described in a 
-. cxv cv -■ - -•?ckrr.-.^n in Nachr. Chem. Tech. Ub. 3Z, 692-702 (1989). 

^■he use o' bathophenanthroline-Ru O complexes as nonradioacrive label 
mcl^les which can be measured with high sensirivity by time-resolved 
5 -tiuortimeu . has been described bv W. Bannwarth et al. Jn Hely. .Chim. Acta 
ZL 2085-/099 (1988). These complexes can be part of an interactive pair of label 
ii^^lecules allo^^^ng energy transfers from suitable donor molecules onto the 
Ru complex. .Since the efficienc>- of the energy transfer is highly dependent on 
'.he distance between donor ,and acceptor such systems can be applied in 
10 investigations of molecule interactions. Asja. suitable class of donor molecules 
for the Ru complexes lumazine chromophores have been identified. The 

possible jpp'icabUity of this , .or pairs in the detection of e.g. DNA 

mole-'i-^ ia- Somogen^ous assay have been desaibed in European Patent 
. , Appucaao.., 7-Sc\. No. 4.-»9 036, .*nd in Helvetica Chimica Acta Z4, 199M999. 
15 (19yr>-and-5!r-v.----two uwu Dy W. Bannwarth and F. MuUer With such a 
combination energy transfers were detected within oUgodeoxynudeotides 



labeled at the 5'-end wth a Re bathophenanthroline complex and possessing 
lumazine chrc.v.ophores at different distances from the Ru complex within 
the oligonucleotide. Furthermorp it-was demons.^rated t>^=»t this oair of 
20 interactive labels c;»t. also be aoolipd to detect a t=»jget DNA seauencP m a 

hyhr.ui^;inon process wneicu. ^..w ^..^oe seque*.^. .. equipped uith the aonor 
and uuier witn the acceptor. 

An alternative approach using a terbium complex as an energy acceptor 
and salicylate as an energy donor in a homogeneous DNA detection system 
25 has been desaibed by A. Oser and G. Valet in Angewandte Chenue 102, 1197- 
1200 ( '.9<30). 

The processes knoxvn for the detection of oligonucleotides in a 
homogeneous lest format employing energy transfers, for the subsequent 
detection make use of at least Vso labeled oligonucleotides which hybridize 
30 specifically side by side to the complementar)' DNA sequence thereby 
positioning the t^vo labels next to each other. 

The bj.sir principles of the prc5cnl invention are outlined in Fig.l. 

Figure 1: Shows the steps involved in an assay for amplified DNA 

applying interactive labels and a backfolding primer of the general 
\^ formula I and a i'-robc of the general formula 11. The 
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compiemcnlan' strand of the double strand is omitted for 
simpiifi-'a^icn. 

In the present invention the amplification may be carried out by a 
co-r.bir ^tion of two primers of which at least one is a primer of the general 
Jon^aJL|lso named backfolding primer due to the ability of its subsequence 
Pc'ioTSd^^ to the primer part Pp yielding a short double strand 

It is know-n in the art that relfcomplementary parts in oligonucleotides 
miy cause problems in hybridization steps with a second oligonucleotide, 
especially if the first oligonucleotide is intended for use as a primer in a chain 
extension reaction preferably with an enzyme (polymerase). Therefore, it is 
usually recommended for a clean reaction to optimize these primers and also 
probes in such a manner that they do not contain such self complementary 
parts. 

It has now unexpectedly been found that oligonucleotides containing 
selfcom.plement?r\' regions may be advantageously used in a polymerase chain 
— reaction a nc ../* a delection-slep.^ — — — 



In case of the primer with formula I the primer part Pp from the 3'-€nd 
up to the nonnudeotidylic linker group represents a standard primer for the 
amplification of the target DNA sequence to be detected. At the temperature of 

20 denaturarion and subsequent utilization of a polymerase at least part of the 
backfolding primer exists in the open form and can thus prime specifically its 
template-dependent extension in the presence of adequate amounts of the four 
deoxyribcinucleoside triphosphates (dATP, dGTP, dTTP and dCTP) or analogs. 
Known DNA polymerases include, for example, E. coli DNA polymerase I or 

:s its Klenow fragment, T4 DNA polymerase, Taq DNA polymerase, Tth DNA 
polymerase from Thermus thermophilus and DNA polymerase from 
Thermococcus litoralis. The reaction conditions for catalyzing DNA synthesis 
with these DNA poly-merascs arc well known in the art. 

Any amplification method bnscd on a chain extension reaction may be 
30 employed which allows the incorporation of the primer I in the amplification 
product. Amplification by the polymerase chain reaction (PCR) has already 
been mentioned. The primer of formula I may also be used in altcmalc 
methods of producing amplified target sequences. For example, the primer I 
may be used together with a second oligonucleotide which arc both 
:o coir'plc-ir.'^^^ary (o a DNA template and arc directly adjacent to one another 
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with their 3'- and 5 -cncs. Amplification occurs through repeated 
dcnaturation, primer anncah..^ and ligation of the 3'- and 5'-ends. The so 
.railed lipase chain reliction (LCR) or ligase amplification reaction (LAR) is 
further described by Wu and .Wallace in Genomics 4, 560-569 (1988). The 
amplification products containing the labeled primer of formula I may then be 
^^Ijttd by hybridizing a labeled probe of formula D near to the backfolded 
piece Pc as described in the next paragraphs. AmplificaUori Hy KHl is the 
preferred method. 

The denatxiration temperature is about 90** - 100" C whereas the 
temperature for the polymerase reaction is usually lower and depends on the 
polymerase used. In case of the Taq polymerase the ten^perature is usually 
between 70** - 80" C which is high enough to prevent complete Internal 
backfolding of the short sequence Pc to Pp in primer I which othe-wise may 
innibit the prim.er activity. After amplification and at low temperature the 
incorporated primer especially its part Pc can fold back. With a probe of 
formula D (detection oligonucleotide) hybridizing to the amplified region and 
prmp]v_JVat_its 3'^nd v/ith one or more_energy_dpnoiLmolejn^ X in the — _ 
primer of formula I is an energy acceptor) or an energy acceptor molecule (if X 
in the primer of formula I is an energy donor molecule) the backfolding 
guarantees a short distance between the donor or the acceptor at the S'-end of 
the backiolding primer allowing in such a situation an energy transfer (Figure 
1, step b)). If the target sequence is not present and therefore has not been 
amplified by primer I, this energy transfer is not possible since the^c b no 
primer extension product fo which the detection oligomer could hybridize. 
Therefore a deircut distinction between the presence of the amplified target or 
its absence is possible. Thus a test could be carried out directly after 
amplification in a homogeneous fashion without having to perform 
separation steps and an energy transfer indicates the presence of the amplified 
target sequence. 

Priiner I may be of any length suitable for amplification and detection. 
Primer region Pp has preferably a length of ab^ Jt 10 - 30 nucleotides but may bo 
shorter or longer, depending on the sequence to be delected. Parameters for 
designir;? sequence and lemperafire specific PGR primers are known in the art 
taking incn account the stability of the individual base pairings of the 
nudcovd? bases. 
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differently labeled primers, single strand amplification or RNA amplification 
instead o' DXA. 

Alternatively one can also place one or more of the donor molecules at 
the 5'-end of the backfolding oligomer and the acceptor molecules at the 3*-end 
• — gy ^^i>!he detection oligomer as shov.-n schematically in^Pig^fll'. step c). Preferably 
the primer will be labeled with the energy donor at the 5*-€nd. This may be 
advantageous due to the background fluorescence of the energy acceptor 
resulting from direct excitation. In PCR the primers are applied in large excess. 
Tnus, if the primer is labeled with the energy acceptor (e.g. the Ru complex), 
10 this fluorescence caused by direct excitation may become important. 

The detection of the energy transfer bet^'een the donor and the acceptor 
by fiuorescnce measurements may be performed by methods known in the art. 
The methodology of the time-resolved fluorescence technique is described, for 
examj-'- in the German Offenlegungsschrift No. 2628158 and in the European 
15 p.-.tti : /.pr'ication, Publ. No. 178 450. 

interactive molecules may be used in any combination in the present 
invention, provided that they are chemically bonded or complexed to the 
primer or the probe without affecting the optical properties of the<;e molecules 
and tha* they are clearly d^^^'^-iHle in the presence of DNA. Suitable miciactive 

20 \ are glucose oxidase/ peroAJwa^e; uuuiescein/ii*w<imin and 

salicylate/ terbium complex. The donor/ acceptor combination lumazine 
chromoohor'* /bathnohcnanthroline-ruthenir"^-n-comDlex is preferred. 

The backfolding primer also contains a nonnudeotidylic group L which 
allows a base pairing of the complementary bases in Pc and Pp, thereby 
25 avoiding loop formation. This nonnudeotidylic group leads also to a stop of 
the polymerase at this position during the amplification process. 

The nonnudeotidylic group L is selected so as to i-low efficient 
bac'J-lding between the sequence Pp and its complementary sequence Pc. This 
group I. may consist of any kind of nonnudeotidylic linkers which allow 

30 dcfired backfolding of Pc to Pp without loop formation. Preferably the 
nonnucloctidylic linker is derived from propanediol. More preferably the 
iir 1:' r group L consists of two propanediol units linked together by a 
phosphrlc group and attached via phosphate groups to the oligonucleotide 
scqucn;*'.-.-* Pc and Pp. Tlic most prcfcncd linker group L has the following 

35 fornvjii: 
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-0-P(Orr0-(CHi)3-O-P(Or2-0-(CH2)j-0-P(0)':-0- Linker group L 

Tliis ronnucleotidvlic linker has been found unexpectedly to allow 
crfidcnl backfolding of Pc to Pp and additionally to avoid amplification of the 
backfolding part Pc. 

Th: follo'-ving description serv-s to illustrate somcot the steps involved 
in preparation of the labeled primers and probes and performing the 
process of the present invention. 

The oligonucleotides which act as normal primers in the polymerase 
reaction or the oligonucleotides which are parts of the modified primers or 
10 probes can be synthesized by methods known in the art (M-J. Gait (Ed.). DNA- 
*esis - A Practical Approach. IRL-Press. 1984). Solid phase synthesis usmg 
p'-cyanoethyl phosphoramidites as described by N.D. Sinha et al.. in Nucleic 
Adds Research 12, 4539-4557 (1984) is preferred. 

•n»e group L may be inserted in the course of the solid phase synthesis of 
15__the primcr_pitr.t_nr-^'-^h_'>^'' phos phoramidite 5 or analo g s thereof. The 



synthesis of 5 is described by F. Seela in Nucleic Adds Research 15, 3113 (1987). 

^0(CH2)2CN 
(M«0)2Tr-0(CH,)30-P^ 

N{iPf)j 5 

Adding two of these aniidites 5 to the oligonucleotide Pp during the 
synthesis yields th.e most preferred linker which will be further elongated 
20 "during the synthesis with the appropriate nucleoside phosphoramidites to add 
the backfolding part Pc of the primer of formula I. 

The labels selected for coupling at the 3*- or S'-OH group at the end of the 
primer or probe may be coupled either directly or after modification of these 
Iwaroxy groups into a -NH2. -COOH, -SH or any other suitable group with 

25 m.^thods known in the art. The attachment of the labels may be done both if 
il-.c ^ligonucicotido is sli)l bended to the support or if it is already cleaved off. 
iV... .ibels may also be introduced in one or more of the nucleotide bases of the 
primers or probes prior to their attachment to the growing oligonucleotide 
chain in form of, lor example, nucleoside amiditcs. In case of Ru 

30 con.plex/lumazine Ijbcls the lumazine group may be introduced at the 5'-cnd 
of the backfolding primor or al the 5'-/ J>nd of the probe using the- 
phcsphoramidilc 7 of the 67-dim';thyl luma7.ine-2*-dcoxyribosidc. Othor 
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lumazins derivatives or couplihg reagents for the introduaion of the 
phosphite group may also be used. 

♦ o • 

(MeOlaTfO-^O^ 

O 
I 

NC.(CH2)2— O-P^ 

N(iPr)2 7 

One or .x.ore of these molecules bearing the lumazine chromophorc may 
^ introducer: in the oligonucJeotide to enhance the energy transfer. Preferred 
are one to four consecutive lumazine chromophores. The synthesis and 
introduction of the lumazine ribosides either at the 3 - or S'-end of an 
oligon' deptide is described in the European Patent Application, Publ. No. 439 



" ^036. 

10 Various Ru complexes as energy acceptors together with different spacers 

betvvetn the complex and the DNA molecule may be used as described in the 
European Palent Applications, Publ. Nos. 340 605 and 178 450. For the 
attachment of the Ru complex at the 5'-end of the backfolding primer a 
phoshoramidite of structure 6a or a reagent of structure 6b may be used as .in 

15 example. Preferably the derivative 6b may be employed for the introduction at 
the 3'-end. 
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6a 




The reagent 6a can be Msed without furilicr modifications for coupling to 
5 e.g. a h} drovy or amino group in the course of the solid phase synthesis of the 
oligonucleotide. 

Coupling of reagent 6b at the 3*-end may be perfonned after some 
modifications of the solid support used for the synthesis. The general scheme 
is outlined below (Scheme 1) starting with compound 8 which is described by 
10 Nelson et al. in Nucleic Acids Research 17, 7179 (1989). For further details 
including the attachment of the Ru complex derivative 6b to the modified 
support 10 ?ee Example 2. 
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(M^),Tf-OCHj 

CHOH 

I 

Fmoc--NHCH, 



(MoO),Tr-OCH2 q 
I 

CHO -C(CHj)2COOH 

I 

Fmoc— NHCHj 9 



MSNT 

Melm 



I " 

CHO — C(CH2)2 CONH ./WNT^^pQ 
1 

Fmoc— NHCH2 10 



The invention will be further Ulustratcd by the following examples 
5 without limiting it to them. 

Example 1 

<; YnthP<;i<; of Luma7ine and Ru complex phosphoramidites 

The phosphoramidite o;' the 67-dimethyMumazine-r-deoxyriboside was 
prepared as described in European Patent Application, Publication No. 439 036 
10 (July 31, 1991). The phosphoramidite 6a of the Ru complex was prepared in situ 
as described by W. Bannwarth and D. Schmidt in Tetrahedron Utters 30, 1513- 
1516(1989). 

Tnc Ru complex derivative 6b was prepared by coupling the Ru complex 
with activated N-hydroxysucdnimide as described in European Patent 
15 ApplicVtion, Publ. No. 3^'0 605 or by W. Bannwarth et al., in Helvetica Chimica 
Acta Ll '^085-2099 (1988). M,N,N\N'-lclramethyl (succinimido) uronium 
letranuorc: oraic (TSTU) wa:; used as an activating agent. The synthesis and 
use of TSTU is described by R. Knorr ct al., in Tetrahedron Letters 30, 1927-1930 
(1989) and VV. Bannwarth in Tetrahedron Letters 32, 1157-1160 (1991). 
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c„^r.^c;c i.ru(4 4'-dir r n*hn.vtritvl)-3-0-((N.N-diisopropvbmino)-&- 
rva noothoxv-phQgphinoV I .Vpropanediol 5 

This reagent was prepared in a t%vo step procedure as described by F. Seela 
and K. Kaiser in Nucleic Adds Research 15, 3113-3129 (1987) sUrting from 1> 
propanediol which was first protected by a 4,4--dimethoxytrityl group. This was 
followed bv a phosphinylation with (P'Cyanoeth oxy) bis (diisopropyiammo) 
phosphine'in the presence of diisopropylammonium telrazolide to yield 5. 

Example 2 

q ynthr^si'; of 3'-Ru complex m odified DNA 

10 The synthesis of the modified CPG support for the solid phase synthesis 

cf r-modified oligonucleotides was done as outlined in Scheme i (supra). 

Compound 8 was prepared according to procedures described by Nelson et 
al.. Nucleic Acids Research IL 7179-7186 and 7187-7194 (1989). 

Inthene step compound 8 (lOmmoU 6.16 g) was evaporated three tim es 
15 from anh. pyridine. Then it was dissolved in 60 ml of anh. pyridine and 25 ~ 
mmol (Z50 g) of succinic add aiihydride and 10 mmol (1.22 g) of 
4-dimethylaminopyridin (DM AP) were added and stirred under argon. After 4 
h the reaction was finished (TLC). The reaction mixture was taken up in 200 
ml of diethylether and extracted four dmes with sat. brine. The organic layer 
70 tvas dried over Na2504 and evaporated, which yielded 6 g of an oU. 

Purification by short column chromatography (CO on 150 g of silica gel (0,003- 
0,040 nm (Merck)) with 1000 ml of a mixture CH2Cl2/MeOH/pyridine (94*5:1; 
v/v), 500 ml of CH2Cl2/MeOH/pyridinc (92:7:1) and 500 ml of 
CH2Cl2/MeOH/pyridine (89:10:1). Pure fractions were collected and 
25 predpilated from n-pentane yielding 2.3 g of pure 9. M.p. 87^9 oC. Anal. 

calculated for C43H41NO9 • 0.2 n-pentane: C 7X37, H 5.99, N 1.92; found: C 72.60, 
H 6.14, N 1.94. IH-NMR (CDQs): 2.64 (s, OCCH2CH2CO); 3.03-3.50 (2m, CH2-CH. 
CM2); 3.50-3.65 (m, CHrCH-QHi); 3.74 (s, 2 OCH3); 4.19 (t, CH2-CH); 4.34 (d, CH:- 
CH); 6.31 (d, 4 ar( m. H ,C6H4); 7.15-7.37 (m, 9 arom. H, C6H5,C6i m); 7.39 (l, 
30 fluorcnyl); 7.51 (d, r.uorcnyl); 7.76 (d, flu-^renyl). 

Preparation of the funclionalizcd support 10: The CPG-support (Pierce) 
was cvaporalwi from anh. pyridine. Then it was dissolved in 10 ml of anh. 
pyridine and 0.60 mmol (430 mj;) of 9 as well as 3 mmol (8S0 mp) of 1 
(mcsilvlcn-2-sulfonyl)-3-nitro-]H-l,2,4-lria7.ole (MSNT) and 0.3 mi ol 
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N-m -hv; tmid=-ole (NMI) were added, and the suspension was allowed to 
reacV at 'room t. mperature with occasional shaking. After 2 h it was filtered off 
anitished successively with p>-ridine, DMF and ether. To the support 10 ml 
^^^T^STture of AczO/pyridine (1/10; v/v) containing }%pMA^^jdde± 
= After 1 K it was filtered off and the support washed with pyridine, DMF, 
ethanol and ether. T'. degree of functionalization of 10 was determined by 
phc*ometric detenr ination of the dimethoxytrityl cation (30.5 mmol/g) and 
afr'.- cleavage of the fluorcnylmethoxycarbonyl (Fmoc) group followed by 
photometric determinarion at 300nm (30.1 mmol/ g). 

-repa-ciion of the J-ainino modified DNA o-^ support 10 : The synthesis 
w£. »rri«-: l ut on a synthesizer starting with 1.5 mmol of support 10. A 
tcnf .\=i ..xcess of the corresponding phosphoramidites was applied during eacli 
cyrl-!. After s>T.thcsis the support was washed with acetonitril and ether, and 
drica. T>en iO mg of the support were treated with 700 jU of cone, ammonia 
15— for-l^S-h at 67oein a-tighdy closed-Eppendorf tube.-The siispension was filtered— 

and the filtrate taken to dryness. The peUel obtained was dissolved in 300 jil of 
80 % acetic acid and after 2 h 700 of ether were added io precipitate the DNA. 
After cenlrifuging ,the peUet was dissolved in water and after addition of 500 
mmol of KCl it was dialysed against 2 1 of water (exd. MW 1000). UV 
20 absorbai\cy Lidicated a yield of 53 OD units of amino modified DNA, which 
was used as .euch for the coupling to the Ru complex. 

'"C -.pling of 6b to the amino modified DNA: In an Eppendorf tube 27.5 
OD > ruts of the 3-amino modified DNA and 4 mmol (3mg) of 6b were reacted 
in a m= lure of 200 nl of DMF, 200 ^1 of dioxane, 200 Jil of water and 5 nl of 
Huni oc-se. The mixture was allowed to react for 16 h with shaking in the 
dzr- It .:S taken to dryness in a speed vac concentrator and dissolved in 500 
111 of •• ^ er. The solution was extracted 3 times with 500 \il of CHCI3 to remove 
ti e i\-.c- -> of .'.u complex. The purification was performed by polyaoylamidc 
gci cloc.rophoresis followed by clcctroclution. 

30 Exampl " 3 

Svnihosi-; of lhr> oiif^onuclootidps with a nonnuclc itidvlic linkor and/or 3' or 
■S' fpodific'lions. 

Oligc.iuclcolidcs without modifications were prepared on controlled pore 
flloNS (CrC, Pierce) ai:d applying (l-cyanocthyl phosphoramidites of the 
^5 appropriate building blocks. 3'-l.uma7.ino modified oligonucleotides were 
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prepared bv elongation of lumazine-r-deoxyriboside modif.ed CI>G-suppo« as 
Sscril^ E Jpean latent Application, Publ. No. 439 036. Th,s appl.cat:on 
JCStiL meLds and reagents for use in the synthesis of S- lumaz^ne 
"^t^-Ru complex-modified oligonudeoHdes. — - 

The no..nudeotidyl linker group consisting of two P-P--^^.^ ""'^ 
separated by a phosphate group was inserted in the course of the sohd phase 
s;' heTis ih the corresponding phosphoramidite 5. Coupling of th.s anud.e 
was performed twice, using a 10 fold excess and about 3 minutes couplmg t.me 
together with tetrazole as activating agent 
,0 -m- p.Mition of the Ru complex at the S'-end was performed with the Ru 
complex derivative 6b after the synthesis and deprotection of the 
r -onudeotideasdesQ-ibcdinExampleZ 

Kxample 4 



Pnlvn,Prase chain rr.-V- - T""^"^ »^ 

,5 Several oligonucleotides were synthesized and tested for their ability to 
act as primers in the polymerase chain reaction. The DNA fragment selected 
for amplification is part of the gag region of HIV-1. Conventional pnmers w,th 
(16) or without (14,15) a Ru complex at the S'-end as well as modified pnmers 
of the general formula I (17,18) were synthesized with methods already 

20 described. 

The primers had the following specific sequences: 
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(1 )75) y;in3 the radio labeled probe S' ATC CTG GGA TTA A3-. The 
hytniz:'::cas were ail carried out in a phosphate-buffered saline solution 
flOmM inorganic phosphate; IM NaCl, pH7.0) with the oligonucleotides in 
,uijpolar T^tio. Even the shortest backfolding primer equipped at the S'-end 
STa P.u complex leads to a specific amplification compafaWe-in efficiency 
with a standard nonmodified primer. 

Example 5 

p>..^;^n »f olonpa tPri hackfo H inff primers via hvbridizarion and energY 
t ransfer 

10 !t i/as dctanrined whether a backfolding primer of the general formula I 
a: its cU;-.vgatior. in a polymerase chain reaction is able to serve as a template 
... subsjquent detect; n with an oligonucleotide probe of the general formula 
II J--R' o mplex-labeled oligonucleotide 1 sen/es as a synthetic model com- 
pounrt .or an elongated primer of structure I which acts as a template for 3- 

15 lumazine-labeled probes 2a, 2b and 2d and negative probe 2c. 



C 



CC.A-A-A<^TC-C<5-A.T.A-A.T<:C-A^T.A.T<><>C-A<5-T^^ 1 

G<;.T.T-T<J.A-G<5-C T-A-T-T-A-G-G-T-G-G-A-T-A-G-G-C^T 2 a 

Ru Lu4 

W 

Energy transfer 



C{LU4-A-G-G-T.G-G-A-T-A-G-G-G-T-C-A-T-C) 2 b 

d(Lu4-G-C-C-A-C-T-T-G-T-A-T-G-C-A-A-C-T) 2 C 
G(T-A-T-T.A.G-G-T-G-G-A-T-A.G-G-G-T) 2d 



1 



Controls 



c 



nonnudeotidylic linker 



Hybridiza;ior.s were all carried out in a phosphate-buffered saline 
soluli.'.n (10 mM inorganic phosphate; I M NaCl, pH7.0) with oligo- 
nuclcolidcs in equimclar ratio. 

20 Fl:jorcscencc measurements were performed on a SLM Model 4048 S 

-^pcclroLuoromelcr. nxdtaiion and emission wavelengths were set at 337 nm 
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and 620 rm, respectively. The concentrations of the hybrids were 1.3 • 10^ M 
for a sample volume of 400 ^1. 



TabI" 1 r.hcws ihe results of the energy transfer measurements. As 
— ^h^ttcted, me results were positive in case.of probes 2a and 2b and negative in 
5 "^^ase of prol>es 2c and 2d. 

Hybrid ^/^2 

l/2a 2.1 

l/2b 2.1 

l/2c 1.0 

10 l/2d 1.2 

1 aV.le 1 

The fluorescence reisulting from the energy transfer (IF3) was defined as 
bei-^ ' difference between the measured fluorescence at 620 nm (IF) minus 



the^fluorescerce of tHe^Ru complex^througHliirect excitatioir(IF2) and the 
15 fluorescence of the lumazine chromophore at 620 nm which can be 
neglected. Therefore the formula for the intensity of the energy transfer 
reduces to: IF3=1F-IF2. For the sake of simplicity we have shown in Table 1 only 
the ratio of the measured fluorescence intensity IF at 620 nm in relation to the 
fluorescence intensity of the Ru complex due to direct excitation (IF2). 

20 .^JT' The reversed energy transfer system utilizing a SMumazine-labeled 
primer and a 3'-Ru complex-labeled probe was investigated with the model 
compounds 11, 12 and 13. 
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-T-C-C-C-A-G-T-A-G-G-A-G-A-A-A-T-T-T-A-T-A-A-A-A-G-A-T-G-G-A-T-A-Ay 
r-AG-G-G-T-C-A-T-Lus Ru-T-A-A-A-T-A-T-T-T-T-C-T-A-C-C-T-A-T-f^' 

W 

energy transfer 



A-T-C.C-C.A-G.T.A-G-G-A-G.A-A.A.T.T.T.A.T-A.A-A.A.G.A.T.G-G-A.T.A.A: 

-T-A-G-G-G-T-C-A-T-C-C-T-C-T-T 

Ru-T-A-A-A-T-A-T-T-T-T-C-T-A-C-C-T-A-T-T^ 
no energy transfer 



^ThT^T^ltsobtained^trthe^ 

energy transfer) and 13/12 as a negadve control with no energy transfer 
confirmed the utility of this combinarion although the efficiency for the 
energy transfer was a bit lower (data not shown). 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTV OR PRIVILEGE IS CLAIMED ABE DEFINED AS FOLU)WS: 

1 A r-crc -s for amplifying and detecting at least one specific nucleic acid 
sequence in a s:.r.r,Ie containir.g a nucleic add or a mixture of nucleic acids at 
leastl"e of which is suspected of containing said sequence, which process 

a) ai.;piiiying the nucleic add sequence to be detected by mca;.s of a chain 
extension reaction utilizing a 'irst oligonucleotide primer of the general 
formula 

X-Pc-L-Pp (I) 

wherein Pp is an oligonucleotide sequence substantially comple- 
mentary to a part of one strand of the nucleic add sequence to be 
detected, Pc is an olifeonudeotide sequence substantially comple- 
meiAlary to the sequence Pp, L is a non-nudeotidylic linker group 
selected so as to allow effident backfolding between the sequence Pc 

and the primer extension se quence of P p and to avoid amplification 

of the baddolding part Pc, and X is an energy donor or acceptor, 
and a second oligonucleotide primer substantially complementary to a part of 
the other strand of the nudeic acid sequence to be detected; 

b) sepaic .:g after the last ampUfication cyde the primer extension products 
from their complementary sequences to produce single-stranded molecules; 

c) treajng said single-stranded molecules containing the primer of formula I 
above with an oligonudeotidc probe of the general formula 

Y-Pr (n) 

wherein Y is an energy acceptor, when X in the primer of formula I 
is an energy donor, or an energy donor, when X in the primer of 
fonr.uia 1 is an energy acceptor, and Pr is an oligonudeotidc 
sequence complementary to a part of the amplified single-stranded 
molecules containing the primer of formula I above and selected so 
as to guarantee a short distance bel\veen X and Y after badcfolding of 
the r.cqi;.«ncc Pc and hybridization of the sequence Pr to said singlc- 
strandcd molecules such that an energy transfer can take place. 



20S0904 




under conditions allowing hybridization of the sequences Pc by backfolding 
and of Pr to said single-stranded molecules; and 

d) (^termining whether an energy irsnsfer takes place. 

V process according to claim 1, wherein X is an energy- donor and Y is 

!rgy acceptor. 

>. A process according to claim 1, wherein X is an energy acceptor and Y is 
an energy donor. 

4. A process according to any one of claims 1 to 3, wherein the energy 
donor is a lumazine chromophore and the energy acceptor is a bathophenan- 
throline-ruthenium-II-complex. 

5. A process according to any one of claims 1 to 4, wherein L consists of 
txvo propanediol units linked together by a phosphate group and attached via 
phosphate groups to the oligonucleotide sequences Pc and Pp. 



^6.-A_process-according-tO-any-one.of-claims_1^5,-wherein_the.chain_ 



extension reaction is a polymerase chain reaction. 

7. A primer of the general formula 

X-Pc-L-Pp (I) 

whftro.in Pp is an oligonucleotide sequence substantially 
•complementary to a part of one strand of a. nucleic acid 
"Sequence to be detected, Pc is an oligonucleotide sequence 
substantially complementary to the sequence Pp, L is a 
non-nucleotidylic linker group selected so as to allow 
efficient backfolding between the sequence Pc and a primer 
extension sequence of Pp obtained by amplification using a 
polymerase chain reaction and to avoid amplification of the 
backfolding part Pc, and X is an energy donor or acceptor, 

8. A primer according to claim 7. wherein X an cncrg}- dortor. 

9. A primer according to claim 7, wherein X is an energy acceptor. 

tO. A primer according to claim 7 or 8, wherein X is a lumazine chro- 
mophore. 
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11.. A primer according to claim 7 or 9, wherein X 
bathophAanthroline-ruthonium-II-complex. 



is a 



bnthophAanthi 



— - 12.^-r-primer according to any one of claims. 7 to 11. 
...oreinTconsists of t.o prop.n». ...its linK^<r^her 
by a puosphatc group and attached via phosphate groups to the 
oligonuclfcotide sequences Pc and Pp. 

13 A diagnostic kit for amplifying and detecting at 
least one specific nucleic acid sequence in a sample 
containing a nucleic acid or a mixture of nucleic acxds at 
least one of which is suspected of containing said sequence, 
which kit comprises a primer of the formula 

X - PC - L - Pp 
wherein Pp is an oligonucleotide sequence substantially 
complementary_tO-a_part_of nn. strand of the nucleic acxd 



compj-einenuai-y—*-^— — - — 

sequencer to be detected, Pc is an oligonucleotide sequence 
substantially complementary to the sequence Pp, L is a 
non-nucleotidylic linker group selected so as to allow 
efficient back^olding between the sequence Pc and the prxmer 
extension sequence of Pp and to avoid amplification of the 
backfoldirg p.rt Pc. and X is an energy donor or acceptor, 
ard a prt,be of formula II as defined in claim 1 and means 
and'rea^nts for amplification and detection of s.id sequence 
using a polymerase chain reaction. 

14. A nonnudeotidylic linker group derived from propanediol and 
containing P(0)i • 

15. A nonnudeolidylic linker group of daim 14 characterized by the 
fornnula 

-O-P(0)"rO-(CH2)3-O-P(O)"2-O-(CHi)j-O-P(O)rO.. 
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16. A diagnostic kit for use in the amplification and 
detection of at least one specific nucleic acid sequence in a 
sample containing a -nucleic acid or a nixture of nucleic 
^cids at least one of which is suspect ed of contai ning said 
sequence, said kit comprising a primer of fonnula l' as 
defined in any one of clains 7 to 12. 

17. A diagnostic kit for use in the amplification and 
detection of at least one specific nucleic acid sequc-nce in a 
sample containing a nucleic acid or a mixture of nucleic 
acids at least one of which is suspected of containing said 
sequence, said kit comprising: 

a) ai least one of a primer of formula I as defined in 
any one of claims 7 to 12; and 

b) a probe of the general foraula 

, . ^-""^ (II) 

Wherein Y is one of an _energy-acceptor-when-X- in the primer 



ot fonnula I IS an energy donor, and an energy donor, when X 
in .he primer is an energy acceptor, and Pr is an 
oligonucleotide sequence complementary to a part of an 
amplified single-stranded molecule containing the primer of 
formula I and selected so as to guarantee a short distance 
between X and Y after backfolding of the sequence Rc and 
^bridization of the sequence Pr to said single stranded 
--molecule such that an energy transfer can take place 
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Figurt 1 

a) D|naturatiGn and Amplification (high temperature) 
Priming 




^ ^ region to be ampiified 

3 ~' 



^ 



Pp 

Primer 1 



Pc 

b) Detection (low temperature) 



Pp amplified region 



CaXdIdXdTd^ 



\^^^^^^ deteaion oligomer it 
Energy, transfer 

c) 

amplified region 

Pp 



^detection oligomer II 
Energy- transfer 

(d) : energy donor 
(a^ : energy acceptor 
^ : nonnuclooiic'ylic linker L 



Abstract 



A process for the detection of a nucleic acid sequence in a homogeneous 
• ojj«y;f6nT^tusing an energy transfer system is <iisdosed. TOs pr(xess utilize 
? y labeled primer containinc; i selfcomplemeniary sequence in an 
amplification process, together uith a subsequent detection step using a 3' 
abeled probe for the amplified region, "n^e labels will be dose together in space 
after hybridizing the probe dose to the short piece of double-stranded DNA 
r-r-u]tins trom bnckfolding or the selfcomplementary region oJ the primer 
which has been incorporated into the amplified product. The new primer for 
i'^-* in th:<? process is also disclosed. 



